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(57) ABSTRACT 

An isothermal method is provided for separating aromatic 
hydrocarbons from a feed stream. The method includes 
?owing the feed stream through a ?rst channel Within a ?rst 
Wafer assembly that contains a rib member. Next, the feed 
stream is exposed to a ?rst thin ?lm polymer membrane. A 
stream permeates through the ?rst thin ?lm polymer mem 
brane into a permeate Zone. The permeate Zone is heated via 
a heated ?uid contained Within the rib member. The penne 
ate is produced from the ?rst Wafer assembly. The method 
may include having a plurality of tandem Wafer assemblies 
arranged in series. An apparatus for separating aromatic 
components from a feed stream is also disclosed. In the 
preferred embodiment, the apparatus includes a series of 
tandem Wafer assemblies speci?cally adapted for blending a 
transportation fuel. 

14 Claims, 13 Drawing Sheets 
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METHOD AND APPARATUS FOR 
SEPARATING AROMATIC HYDROCARBONS 

IN AN ISOTHERMAL SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This patent application claims bene?t of US. provisional 
patent application Ser. No. 60/523,131 ?led Nov. 18, 2003. 

FIELD OF THE INVENTION 

This invention relates to an apparatus and process for 
separation of aromatics from a feed stream. More particu 
larly, but not by Way of limitation, this invention relates to 
an apparatus and process for separation of aromatics from 
gasolines, naphthas, diesel fuels, etc., With the separation 
occurring via a membrane member in an isothermal system. 

BACKGROUND OF THE INVENTION 

Membrane based separation processes such as reverse 
osmosis, pervaporation and perstraction are conventional. 
The pervaporation process is a technique of separation of 
liquid mixtures. A loW-pressure vacuum is maintained on 
one side of the membrane media to provide a loW energy 
approach to vaporizing liquid materials. The vaporization 
temperature of these liquid materials under vacuum condi 
tions is loWer than the temperature needed at elevated 
pressures. The liquid mixtures to be separated are conducted 
onto an upstream side of a membrane, Which is essentially 
impervious to some of the liquid components but Will permit 
selective passage of other components in a controlled man 
ner across the membrane to its doWnstream side. The 
membrane is thin, and its perimeter is sealed against ?uid 
traversing the membrane from upstream to doWnstream (or 
vice versa) by some other path than membrane permeation. 
The doWnstream side of the membrane is usually exposed to 
a vacuum and the feed stream component(s) permeating 
through the membrane can be removed in the vapor phase 
and condensed in a condenser. 

In the pervaporation process, a desired feed component, 
e.g., the aromatic component, of a mixed liquid feed is 
preferentially dissolved into the membrane ?lm. For mem 
branes selective for the desired component, the desired 
component is preferentially adsorbed by the membrane. A 
membrane is exposed at one side to a stream of the mixture 
and a vacuum is applied to the membrane at the opposite 
side so that the liquid compound adsorbed migrates through 
the membrane via the Well-known solution-di?‘usion mecha 
nism. Accordingly, the desired component passes through 
the membrane and is removed as vapor from its doWnstream 
side, thereby providing room for the additional adsorption of 
the desired component on the upstream side of the mem 
brane. A concentration gradient driving force is therefore 
established to selectively pass the desired components 
through the membrane from the upstream side to the doWn 
stream side. 

Various membranes have been used in the prior art. For 
instance, US. Pat. No. 4,861,628, and US. Pat. No. 5,030, 
355 describe separating aromatics from non-aromatics such 
as naphtha, heavy catalytic naphtha (HCN), etc., by for 
example pervaporation using a suspension-coated mem 
brane. The membrane is formed by depositing a polymer on 
a porous support layer, Which is a ?ne dispersion or sus 
pension and not a solid mass. 
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2 
Among the conventional apparatus used With the pervapo 

ration techniques are membranes used With spiral-Wound 
and plate frames. For instance, in US. Pat. No. 3,398,091 
covering a membrane separation using a cell comprised of a 
stack of basic units betWeen a pair of end plates is disclosed. 
The semi-permeable membranes are held by spacers and a 
support. Heat transfer ?uid is conducted via an inlet, conduit 
system, heating compartments and across heat transfer 
sheets. In conventional spiral-Wound element systems, there 
can be a signi?cant temperature gradient across the elements 
due to this heat load. This can adversely affect both the 
quality and economics of the separation process using the 
pervaporation of ?uids. Also, in spiral Wound elements, a 
concentration gradient is established as a function of the 
length of the Windings. This can adversely impact the 
separation performance. Furthermore, there are pressure 
drop issues and thin ?lm boundary layer issues that 
adversely in?uence the local pressure gradient across the 
membrane surface in spiral Wound elements. 

Prior art pervaporation processes have used discrete 
equipment steps to achieve the desired separation. Intercon 
nection of these equipment devices for large ?oW rate 
applications is expensive. Also, the prior art spiral-Wound 
elements are expensive and di?icult to manufacture for high 
temperature services. The majority of commercial spiral 
Wound element designs are limited to the 100-120 degree 
temperature range. To achieve separations of gasolines, 
naphthas, diesel fuels and higher boiling hydrocarbons usu 
ally higher temperatures are needed in excess of 1200 C. 
There therefore is a need for an apparatus and process to 
apply pervaporation of ?uids to hydrocarbon materials, 
especially those used as transportation fuels, to achieve 
separation of speci?c molecular types in an economical and 
e?icient fashion. 

It is conventional to heat membranes, including polymeric 
membranes, in order to increase the membrane’s permeabil 
ity. Some of the di?iculties involved in heating of prior art 
membranes and membrane assemblies include adhesive 
failure in spiral-Wound prior art membranes leading to 
de-lamination and the thermal gradients present When heat 
ing conventional plate-frame membrane assemblies result 
ing in non-isothermal heating of the membrane itself. 

There is therefore a need for polymeric membrane assem 
blies and polymer membrane separation methods that Would 
provide for heating the polymer membrane to improve 
permeability. 

SUMMARY OF THE INVENTION 

In an embodiment, the invention relates to a polymeric 
membrane Wafer assembly and a method for using such an 
assembly for liquid separations. The polymeric membrane 
Wafer assembly (also referred to herein as a “Wafer assem 
bly”) comprises a thin ?lm polymer membrane, called a 
“membrane”, and a frame, called a “Wafer”, for supporting 
the membrane While interfering as little as practical With 
membrane permeation. The thin ?lm polymer membrane 
comprises polymer selective for permeation of a desired 
component or species in a feed stream across the membrane 
in response to a pressure gradient, concentration gradient, 
etc. Such membranes are compatible With pervaporation and 
perstraction separation. Thin ?lm polymer membrane geom 
etry is conventional and comprises a ?rst (or “upstream”) 
side and a second (or “doWnstream”) side, the ?rst and 
second sides being continuously joined along their perimeter 
to form a thin member. The Wafer comprises a perimeter 
region for sealing the membrane perimeter against ?uid ?oW 
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and at least one rib for supporting a side of the thin ?lm 
polymer membrane away from the membrane perimeter. In 
an embodiment, one or more distribution Weirs are used in 
the Wafer assembly for distributing a feed stream in the 
vicinity of the thin ?lm polymer membrane. Mesh screens 
may also be used, generally to provide for turbulent ?oW in 
the vicinity of the membrane. A Wafer assembly may contain 
a membrane support fabric positioned, preferably, on the 
upstream side of the polymer membrane. In an embodiment, 
a rib member may be solid or have a bore therethrough. The 
method includes allowing a ?uid to enter the bore of the rib 
member and heating the feed stream as the feed stream is 
being conducted through the Wafer assembly. When a plu 
rality of Wafer assemblies are used, all or feWer than all of 
the Wafer assemblies can contain such Weirs, screens, sup 
port fabrics, and rib members, alone and in combination. 

In a preferred embodiment, the thin ?lm polymer mem 
brane is mounted on a membrane support fabric such as 
Te?on, polyester, nylon, Nomex, Kevlar, etc., and further 
comprises (i) a porous metallic and/or porous ceramic 
support material abutting the membrane support fabric and 
(ii) a mesh screen, Which may be used alone or in combi 
nation. Ceramic support material is preferred and, in the 
most preferred embodiment, is selected from the group 
consisting of Cordierite, Aluminum oxide, Zirconium 
Oxide, Mullite, Porcelain, Stealite and Silicon Nitride and 
special combinations of these. When fabric, porous support 
material, and screens are used, it should be understood that 
the ribs could support the thin ?lm polymer membrane 
directly, or alternatively, indirectly via the fabric, porous 
support material, and/or screen. 

In a preferred embodiment, the membranes are cast on to 
a thin support of polymeric material, such as TEFLON. The 
membrane/support subassembly preferably is in contact 
With a ?rst side of a thin metallic screen, such as a stainless 
steel screen. The perimeter of the membrane/ support is held 
taut against the screen by applying radial tension toWards the 
perimeter of the membrane and then, Without releasing the 
tension, applying a compression force at the perimeter With 
an O-ring, for example, to hold the perimeter in position and 
the membrane taut. When the optional screen and support 
are used, the permeate side of the membrane is typically in 
contact With the optional screen and support. The retentate 
side of the membrane is preferably supported on heated ribs 
in the membrane assembly in order to heat the membrane 
isothermally. 

In another embodiment, there is provided a method for 
separating desired components from a liquid feed stream, 
and particularly for separating aromatic hydrocarbons from 
a liquid feedstream comprising aromatic and non-aromatic 
hydrocarbons. The method comprises conducting the feed 
stream into a retentate Zone Within a ?rst Wafer assembly 
comprising the retentate Zone, and a permeate Zone, With a 
dynamic membrane situated therebetWeen. The feed stream 
in the retentate Zone is in ?uid contact With an upstream side 
of the ?rst thin ?lm polymer membrane. Process conditions, 
such as pressure and the relative concentration of the feed 
stream components are regulated to cause a desired compo 
nent present in the feed stream, such as the aromatic 
component, to permeate through the membrane from the 
upstream side to a doWnstream side of the ?rst thin ?lm 
polymer membrane. For example, suctioning can be used to 
provide a pressure less than atmospheric pressure on the 
permeate side of the membrane. When the retentate side is 
at a higher pressure, a differential pressure is established 
across the membrane, leading to permeation across the 
membrane from upstream to doWnstream. Feedstream pres 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
suriZation and permeate suctioning can be used to provide 
the pressure gradient, either alone or in combination. When 
feedstream pressurization is used, the feedstream may be in 
the vapor, liquid, or liquid-vapor regions of the feedstream 
phase diagram. When suctioning is used to provide a loWer 
pressure in the permeate Zone, the doWnstream side of the 
membrane produces a permeate vapor into the permeate 
Zone, Which can be condensed into liquid permeate. Accord 
ingly, the doWnstream side of the ?rst thin ?lm polymer 
membrane is in ?uid (including gaseous) contact With the 
permeate Zone. The permeate in the permeate Zone may be 
in the vapor state, and may be subsequently condensed into 
a liquid. The permeate can be conducted aWay from the 
permeate Zone, and can be conducted aWay in either the 
liquid or vapor state. A retentate stream, Which can be lean 
in the desired feedstream component can be conducted aWay 
from the retentate Zone. 

A plurality of Wafer assemblies, each containing at least 
one polymer membrane, can be used in combination. For 
example, Wafer assemblies can be arranged in parallel, 
series, and series-parallel ?uid ?oW circuits. In a preferred 
embodiment, all or a portion of the retentate is conducted 
aWay from the ?rst Wafer assembly to a second Wafer 
assembly arranged in a parallel ?uid-?oW con?guration With 
the ?rst Wafer assembly. The feed stream is conducted to a 
retentate Zone in the second Wafer assembly, and process 
conditions are regulated to cause a second desired feed 
stream component, that may be the same as the ?rst desired 
feed stream component, from an upstream end of a second 
thin ?lm polymer membrane, to the membrane doWnstream 
side, and into a second permeate Zone. A second permeate, 
that may be the same as the ?rst permeate, can be conducted 
aWay from the second permeate Zone. All or a portion of 
second permeate conducted aWay from the second permeate 
Zone can be combined With all or a portion of ?rst permeate 
conducted aWay from the ?rst permeate Zone. A permeate 
stream is created that permeates through the second thin ?lm 
polymer membrane, and into the permeate Zone. 
When tWo or more Wafer assemblies are employed in 

parallel for feed stream separation a differential pressure can 
be established across the Wafer assemblies to provide a 
driver for membrane permeation. In such cases, he permeate 
stream from the plurality of Wafer assemblies can be pro 
duced by a suction driving force via the common central 
outlet tube. Vacuum pumping, vacuum ejecting, and con 
densation of the permeate vapors suitable for providing such 
a pressure differential. Permeate can be suctioned off from 
the permeate Zone via an outlet tube via the common central 
outlet tube, and subsequently condensed, if desired. 

In another embodiment, a Wafer assembly’s permeate 
Zone is heated With a hot media selected from the group 
consisting of steam heat, hot gas, hot oil or hot liquids. When 
a plurality of Wafer assemblies are employed, all or feWer 
than all can employ permeate Zone heating. 

In another embodiment, there is provided an apparatus for 
separating aromatics from a feed stream. The apparatus 
comprises a ?rst Wafer assembly that includes a ?rst, second 
and third Wafer. The ?rst Wafer has a ?rst and second side 
along With an outer rim. The second Wafer is operatively 
attached With the ?rst Wafer, With the second Wafer having 
a ?rst side and a second side and an outer rim. The ?rst Wafer 
and second Wafer form a ?rst cavity area. The third Wafer is 
operatively attached With the second Wafer, With the third 
Wafer having a ?rst side and a second side and an outer rim, 
and Wherein the second Wafer and the third Wafer form a 
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second cavity area. The ?rst and third Wafers may contain 
under?oW distribution Weirs. The second Wafer contains a 
permeate Zone. 

The apparatus further comprises a ?rst and a second 
membrane member, Where a membrane member comprises 
an independently selected thin ?lm polymer membrane 
mounted on a membrane support fabric such as Te?on, 
polyester, nylon, Nomex, Kevlar, etc., and optionally, (i) a 
porous metallic and/or porous ceramic support material 
abutting the membrane support fabric and (ii) a mesh screen. 
The ceramic support material is preferred and, in the most 
preferred embodiment, is at least one of Cordierite, Alumi 
num oxide, Zirconium Oxide, Mullite, Porcelain, Stealite 
and Silicon Nitride. In the most preferred embodiment, the 
poWdered layer of adsorption media is selected from the 
group consisting of activated carbon, molecular sieves, 
Zeolites, silica gels, alumina or other commercially available 
adsorbents, etc. The ?rst membrane member is disposed 
Within the ?rst cavity so that a ?rst retentate area is formed 
therein and the second membrane is disposed Within the 
second cavity so that a second retentate area is formed 
therein. 
A seal means for sealing the Wafer assemblies is also 

included. The seal means may comprise a gasket ?tted 
betWeen the ?rst and second Wafer and an O-ring positioned 
Within a groove on the second Wafer. 

Other embodiments of seal means may be used. For 
instance, the seal means may comprise a ?rst O-ring ?tted 
about the outer rim in a groove on the ?rst Wafer, and a 
cooperating second O-ring ?tted about the outer rim in a 
groove on the second Wafer. In another embodiment, the seal 
means comprises double O-rings ?tted about the outer rim in 
a pair of grooves on the ?rst Wafer and a cooperating pair of 
double O-rings ?tted about the outer rim in a pair of grooves 
on the second Wafer. In yet another embodiment, the seal 
means for the second and third Wafers comprises a ?rst 
O-ring ?tted about the outer rim in a groove on the second 
Wafer, and a cooperating second O-ring ?tted about the outer 
rim in a groove on the third Wafer. In still yet another 
embodiment, the seal means comprises double O-rings ?tted 
about the outer rim in a pair of grooves on the second Wafer 
and a cooperating pair of double O-rings ?tted about the 
outer rim in a pair of grooves on the third Wafer. 

The apparatus may include a ?rst feed tube disposed 
through the ?rst Wafer assembly, With the ?rst feed tube 
delivering a feed stream to the Wafer assembly. A ?rst 
permeate tube is disposed through the ?rst Wafer assembly, 
With the ?rst permeate tube delivering a produced permeate 
from the permeate Zone of the ?rst Wafer assembly. 

In another embodiment, the apparatus further comprises a 
tandem second Wafer assembly that contains a fourth, ?fth, 
and sixth Wafer. The fourth Wafer has a ?rst side and a 
second side. The ?fth Wafer is operatively attached With the 
fourth Wafer, With the ?fth Wafer having a ?rst side and a 
second side, and Wherein the fourth Wafer and the ?fth Wafer 
form a third cavity area. The sixth Wafer is operatively 
attached With the ?fth Wafer, the sixth Wafer having a ?rst 
side and a second side, and Wherein the ?fth Wafer and the 
sixth Wafer form a fourth cavity area. The fourth and sixth 
Wafer may contain under?oW distribution Weirs. 

The assembly further comprises a redistribution tube 
disposed through the ?rst and second Wafer assembly, for 
conducting at least a portion of the retentate from the ?rst 
Wafer assembly to the second Wafer assembly. Third and 
fourth membrane members are mounted Within the third and 
fourth cavity, respectively. 
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Additionally, in the preferred embodiment, the ?rst and 

second Wafer assembly is arranged in tandem thereby form 
ing an assembly in a cylindrical geometry. The geometry is 
not limited to a circular cylinder geometry. Cylindrical 
forms based on semicircular, triangular, rectangular, and 
regular and irregular polygon cross sections may also be 
employed. The tandem Wafer assemblies can then be 
arranged in a series of tandem Wafer assemblies. The num 
ber of tandem Wafer assemblies arranged in the series 
depends on design criteria such as ?oW capacity. 

While not Wishing to be bound by any theory or model, 
it is believed that it is advantageous to con?gure the Wafer 
assemblies in a modular “Wagon Wheel” geometry that can 
be close-coupled With process heating and cooling Zones in 
close proximity to the membrane surface Where the per 
vaporation of ?uids is occurring. Such a geometry Would be 
advantageous because (1) that the entire assembly is con 
tained Within a single pressure vessel, (2) the assembly can 
be close-coupled to a vacuum system (e. g. vacuum pump) to 
achieve a highly integrated, compact equipment siZe, and (3) 
integration of process heating/re-heating With separation 
enhances the overall pervaporation of ?uids. In the pervapo 
ration of ?uids, the heat load across the membrane separa 
tion layer is a variable depending on the permeate material 
and operating conditions (volume, heat of vaporiZation, 
vapor pressure versus operating pressure, etc). 

While not Wishing to be bound by any theory or model, 
it is also believed that the instant Wafer assembly provides 
controllable re-heat ?exibility, in a Zone-by-Zone sequence 
that is close coupled to the membrane surface Where the 
pervaporation is occurring, e.g., by heating the Wafer ribs. 
This creates a more isothermal system, Where the effective 
permeation temperature can be more precisely controlled. 
The bulk phase molecular concentrations are also more 
uniformly controlled Which enhances the overall separation 
performance. The preferred embodiment to achieve this 
isothermal performance is to use steam as the heating ?uid. 
As the various Zones in the membrane system array require 
heat, steam can rapidly condense locally to provide rapid 
heating of the membrane and permeate. 

Accordingly, hot gas such as steam, or loW value stack gas 
is used as the preferred heating media. In an embodiment, 
the hot gas ?oWs through the Wafer assemblies via the ribs 
and provide the necessary heat input to the system. In an 
embodiment, an alternative heater assembly, e.g., a serpen 
tine coil tubular design With or Without external ?ns is 
attached to the membrane Wafers. The design of the ?nned 
tube heating elements can be adapted to accommodate 
additional hydrodynamic and heat transfer considerations 
and the design of the ?ns Will also accommodate additional 
hydrodynamic considerations similar to the design of static 
mixer elements. In this embodiment, additional ?uid mixing 
and ?oW turbulence favorably in?uence the thin ?lm bound 
ary layer on the high-pressure side of the membrane surface 
to enhance ?ux and selectivity by avoiding hydrodynamic 
static Zones. 

The cylindrical tandem Wafer assemblies set forth herein 
are consistent With plant modular equipment scales typically 
found in the petrochemical industry. The cylindrical tandem 
Wafer assemblies, Which resemble a “Wagon Wheel” geom 
etry, are scalable and can be made in either large or small 
siZes. An example of a small siZe device Would be onboard 
automobile fuel separation devices. 

In an embodiment, the thin ?lm polymer membrane 
further comprises a thin ?lm adsorption material in contact 
With the upstream side of the membrane, Which may be in 
the form of a fmely dispersed poWder, bonded to a subse 
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quent layer or a material that has been fmely dispersed and 
cross-linked to form a porous layer Within the membrane 
?lm. Techniques such as thin ?lm coating, controlled pyroli 
sis, thermal treating, plasma coating, etc, can be used to 
achieve this functionality. The adsorptive layer enhances the 
local concentration gradient of the target molecules. The thin 
?lm adsorbent and membrane ?lm are both selective for the 
target molecule. The layered, porous system alloWs the 
target molecule’s concentration gradient (pressure gradient, 
etc.) to be controlled to enhance separation performance. In 
one of the preferred embodiments, the thin ?lm adsorbent is 
selected from the group consisting of activated carbon, 
molecular sieves, Zeolites, silica gels, alumina or other 
commercially available adsorbents, etc. 

In another embodiment, pressure and temperature sWing 
process control, and combinations thereof, can be used in 
connection With the adsorption media. In a pressure sWing 
mode, the adsorption media sees a high pressure and loW 
pressure (vacuum) gradient. In the high-pressure Zone, the 
target molecules are attracted to the media from the bulk 
?uid phase. As these target molecules migrate to the loW 
pressure Zone, they desorb into bulk ?uid phase on the 
loW-pressure side. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A is a perspective vieW of the ?rst outer Wafer. 
FIG. 1B is a side elevation vieW of the ?rst Wafer of FIG. 

1A. 
FIG. 1C is a perspective vieW of the ?rst outer Wafer of 

FIG. 1A from the opposite plane. 
FIG. 2A is a perspective vieW of the internal Wafer. 
FIG. 2B is a side elevation vieW of the internal Wafer of 

FIG. 2A. 
FIG. 2C is a cross-sectional vieW of the internal Wafer of 

FIG. 2A taken from line 2C-2C. 
FIG. 3A is a perspective vieW of the second outer Wafer. 
FIG. 3B is a side elevation vieW of the second outer Wafer 

of FIG. 3A. 
FIG. 3C is a perspective vieW of the ?rst outer Wafer of 

FIG. 1A from the opposite plane. 
FIG. 4 is an exploded side elevation vieW of the tWo Wafer 

assemblies. 
FIG. 5A is an exploded side elevation vieW of the tWo 

Wafer assemblies seen in FIG. 4 detailing one embodiment 
of the membrane member. 

FIG. 5B is an exploded side elevation vieW of the tWo 
Wafer assemblies seen in FIG. 4 detailing a second embodi 
ment of the membrane member. 

FIG. 5C is a schematic of the How through the second 
embodiment seen in FIG. 5B. 

FIG. 6 is a plan vieW of tWo internal Wafers in tandem. 
FIG. 7A is a schematic side elevation vieW of tandem 

Wafer assemblies arranged in series. 
FIG. 7B is a schematic front vieW of one of the tandem 

Wafer assemblies seen in FIG. 7A. 
FIG. 8 is a-perspective vieW of tandem Wafer assemblies 

arranged in series along With the tubing members. 
FIG. 9 is a partial cut aWay vieW of the tandem Wafer 

assemblies seen in FIG. 8. 
FIG. 10 is a cross-sectional vieW taken from line 10-10 in 

FIG. 6 of the preferred embodiment of the How pattern 
through tandem Wafer assemblies. 

FIG. 11A shoWs a ?rst embodiment of a seal member for 
the Wafer assembly. 

FIG. 11B shoWs a second embodiment of a seal member 
for the Wafer assembly. 
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8 
FIG. 11C shoWs a third embodiment of a seal member for 

the Wafer assembly. 
FIG. 12 shoWs the operating envelope for a preferred 

membrane separation system. Conventional membrane 
separations Would occur along the line depicted by diamond 
points. As shoWn, temperature and pressure Would decrease 
across the membrane from the feed Zone to the permeate 
Zone for conventional membranes. For membrane separa 
tions of the invention, hoWever, the separations can be 
conducted isothermally or With increasing temperature 
(“heating operation”) from the feed Zone to the permeate 
Zone, as shoWn. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The invention relates to thin ?lm polymeric membrane 
Wafer assemblies, and the use of such Wafer assemblies for 
separating desired species or components from liquid feed 
streams. 

As discussed, A membrane Wafer assembly comprises a 
thin ?lm polymer membrane and a frame, called a “Wafer”, 
for supporting the thin ?lm polymer membrane While inter 
fering as little as practical With membrane permeation. The 
thin ?lm polymer membrane comprises polymer selective 
for permeation of a desired component or species in a feed 
stream across the membrane in response to a pressure 
gradient, concentration gradient, etc. 

Polymer used in a thin ?lm polymer membrane Within a 
Wafer assembly should be selective for permeation of a 
desired feedstream component. Should it be desired to 
permeate di?ferent feedstream components across individual 
Wafer assemblies in an arrangement of one or more such 
assemblies, the Wafer assemblies can contain membranes 
comprising independently selected polymers. Additionally, 
in one of the preferred embodiments, the polymer membrane 
is independently selected from polymers useful for selective 
permeation of aromatic species. When a second polymer 
membrane is used, its polymer can be independently 
selected. Mixtures of polymers can be used in the mem 
branes. The term “polymer” is to be used in the general sense 
of macromolecular, and includes, for example, homopoly 
mers, copolymers, terpolymers, prepolymers, and oligo 
mers. 

In cases Where it is desirable to separate aromatics from 
a feed stream containing an aromatic component, a polymer 
capable of selectively permeating aromatics can be used. 
Examples of polymers suitable for aromatic/non-aromatic 
separations of liquid hydrocarbons can be found in the 
folloWing United States patents: US. Pat. No. 4,944,880 
covering polyimide/aliphatic polyester copolymers, US. 
Pat. No. 4,946,594 covering crosslinked copolymers of 
aliphatic polyester diols and dianhydride, US. Pat. No. 
5,093,003 covering halogenated polyurethanes, US. Pat. 
No. 5,550,199 covering diepoxide crosslinked/esteri?ed 
polyimide-aliphatic polyester copolymers, US. Pat. No. 
4,990,275 covering polyimide aliphatic polyester copoly 
mers, US. Pat. No. 5,098,570 covering multi-block polymer 
comprising a urea prepolymer chain extended With a com 
patible second prepolymer, the membrane made therefrom 
and its use in separations, US. Pat. No. 5,109,666 covering 
polycarbonate membranes for separations of aromatics from 
saturates, US. Pat. No. 4,828,773 covering highly aromatic 
anisotropic polyurea/urethane membranes and their use for 
the separation of aromatics from non-aromatics, US. Pat. 
No. 4,837,054 covering thin ?lm composite membrane 
prepared by deposition from a solution, US. Pat. No. 
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4,861,628 covering thin ?lm composite membrane prepared 
by suspension deposition, U.S. Pat. No. 4,879,044 covering 
highly aromatic anisotropic polyurea/urethane membranes 
and their use for the separation of aromatics from non 
aromatics, U.S. Pat. No. 4,914,064 covering highly aromatic 
polyurea/urethane membranes and their use for the separa 
tion of aromatics from non-aromatics, U.S. Pat. No. 4,921, 
611 covering thin ?lm composite membrane prepared by 
deposition from a solution, U.S. Pat. No. 4,929,357 covering 
lsocyanurate crosslinked polyurethane membranes and their 
use for the separation of aromatics from non-aromatics, U.S. 
Pat. No. 4,983,338 covering isocyanerate crosslinked poly 
urethane membranes and their use for the separation of 
aromatics from non-aromatics, U.S. Pat. No. 5,030,355 
covering thin ?lm composite membrane prepared by sus 
pension deposition, U.S. Pat. No. 5,039,417 covering mem 
brane made from a multi-block polymer comprising and 
imide or amide-acid prepolymer chain extended With a 
compatible second prepolymer and its use in separations, 
U.S. Pat. No. 5,039,418 covering membrane made from a 
multi-block polymer comprising an oxaZolidone prepolymer 
chain extended With a compatible second prepolymer and its 
use in separations, U.S. Pat. No. 5,039,422 covering multi 
block polymer comprising a urea prepolymer chain extended 
With a compatible second prepolymer, the membrane made 
therefrom and its use in separations, U.S. Pat. No. 5,049,281 
covering multi-block polymer comprising of ?rst prepoly 
mer made by combining epoxy With diamine, chain 
extended With a compatible second prepolymer, the mem 
brane made therefrom and its use in separations, U.S. Pat. 
No. 5,055,632 highly aromatic polyurea/urethane membrane 
and their use for the separation of aromatics from non 
aromatics, U.S. Pat. No. 5,063,186 covering highly aromatic 
polyurea/urethane membranes and their use of the separation 
of aromatics from non-aromatics, U.S. Pat. No. 5,075,006 
covering isocyanerrate crosslinked polyurethane mem 
branes and their use for the separation of aromatics from 
non-aromatics, U.S. Pat. No. 5,096,592 covering multi 
block polymer comprising on ester prepolymer, chain 
extended With a compatible second prepolymer, the mem 
brane made therefrom and its use in separations, U.S. Pat. 
No. 5,098,570 covering multi-block polymer comprising a 
urea prepolymer chain extended With a compatible second 
prepolymer, the membrane made therefrom and its use in 
separations, U.S. Pat. No. 5,130,017 covering multi-block 
polymer comprising a ?rst amide acid prepolymer, chain 
extended With a compatible second prepolymer, the mem 
brane made therefrom and its use in separations, U.S. Pat. 
No. 5,221,481 covering multi-block polymer comprising an 
ester prepolymer, made by combining epoxy With polyester 
chain extended With a compatible second prepolymer, the 
membrane made therefrom and its use for separations, U.S. 
Pat. No. 5,290,452 covering crosslinked polyester amide 
membranes and their use for organic separations, U.S. Pat. 
No. 5,028,685 covering halogenated polyurethanes, U.S. 
Pat. No. 5,128,439 covering saturated polyesters and 
crosslinked membranes therefrom for aromatic/saturate 
separations, U.S. Pat. No. 5,138,023 covering unsaturated 
polyesters and crosslinked membranes therefrom for aro 
matic/ saturate separation, U.S. Pat. No. 5,241,039 covering 
polyimide/aliphatic polyester copolymers Without pendent 
carboxylic acid groups, U.S. Pat. No. 5,012,035 covering 
polyphthalate carbonate membranes for aromatic/saturates 
separation, U.S. Pat. No. 5,012,036 covering polyarylate 
membranes for aromatic/ saturates separations, U.S. Pat. No. 
5,177,296 covering saturated polyesters and crosslinked 
membranes therefrom for aromatics/saturates separation, 
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U8. Pat. No. 5,180,496 covering unsaturated polyesters and 
crosslinked membranes therefrom for aromatics/saturates 
separation, U.S. Pat. No. 5,107,058 covering ole?n/paraffin 
separation via membrane extraction, U.S. Pat. No. 5,107,059 
covering iso/normal paraf?n separation by membrane 
extraction. Other suitable polymers include polyacrylonitrile 
(“PAN”) and polysulfone (“PS”). In an embodiment, PVA 
and PS membranes are supported on a non-Woven polymer 
support, such as porous polyester. Thin (e.g., 0.01 microme 
ter to 10 micrometer) polymer layers can be used to enhance 
selectivity. For example, thin layers of polyvinyl alcohol 
(“PVA”), polydimethylsiloxane (“PDMS”), and cellulose 
esters can be used. 
A thin ?lm polymer membrane Wafer assembly comprises 

a thin ?lm polymer membrane and at least one Wafer. The 
Wafer Will noW be described in terms of particular embodi 
ments relating to the separation of aromatics from a liquid 
feed containing aromatic and non-aromatic components, as 
shoWn in the ?gures. It should be noted that the invention is 
not limited to such embodiments. 
A Wafer suitable for use in an embodiment is set forth in 

FIG. 1A. More than one Wafer can be employed in a Wafer 
assembly. While the Wafer is shoWn in the geometry of a thin 
semicircular cylinder, it should be understood that other 
cylindrical geometries are suitable; for example, cylinder 
having a cross sections such as circular, triangular, rectan 
gular, regular polygon, and irregular polygon cross sections 
can be used. Referring noW to FIG. 1A, a perspective vieW 
of the ?rst outer Wafer 211 Will noW be described. The ?rst 
outer Wafer 2a is generally a semicircular solid member. The 
?rst outer Wafer contains a semicircular outer edge 4 that 
extends to the radial surface 6. The semicircular outer edge 
4 contains a rim 8, With the rim 8 having a plurality of 
openings, as seen for instance at 10, for placement of 
fasteners such as screWs, or O-ring grooves Which are not 
shoWn in this ?gure. The semicircular outer edge 4 contains 
a ?rst indentation 12 at the top portion (also referred to as the 
apex) of the Wafer 2a. The indentation 12 is con?gured to 
receive a tubular member, as described beloW. 
The Wafer 211 also contains a ?rst comer indentation 14 

and a second corner indentation 16, With the corner inden 
tations 14, 16 being con?gured to also receive tubular 
members. The radial surface contains a ?rst side indentation 
18 and a second side indentation 20, along With a center 
indentation 22, Which is con?gured to receive and be opera 
tively associated With a tubular member. The functions of 
the tubular members are different and is more fully set forth 
beloW. As discussed, the Wafer 211 has a solid back Wall 24. 
In other Words, the Wafer 2a is in the form of a plate. The 
back Wall 24 has tWo under?oW Weirs that traverse it, 
namely under?oW Weir 26 and under?oW Weir 28. The Weirs 
26, 28 are raised projections that Will alter the How pattern 
of the feed stream as Will be more fully set out beloW. The 
Weirs 26, 28 also add to the structural support of the Wafer 
2a. For larger diameter systems, additional ribs and inden 
tations for tubular members can be provided. 

FIG. 1B is a side elevation vieW of the ?rst Wafer 2a of 
FIG. 1A. It should be noted that like numbers appearing in 
the various ?gures refer to like components. Thus, the radial 
surface 6 is shoWn along With the indentations 14, 18, 22, 20, 
and 16. FIG. 1B also depicts the rim 8 that extends to the 
back Wall 24. Also shoWn are the redistribution holes 30a, 
30b. Referring to FIG. 1C, a perspective vieW of the ?rst 
outer Wafer of FIG. 1A from the opposite plane is shoWn. 
FIG. 1C depicts the back Wall 24. 

Referring noW to FIG. 2A, a perspective vieW of the 
internal Wafer 3411 Will noW be described. The internal Wafer 














